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Blow-off and Combustion Characteristics
of a Lifted Coaxial Diffusion Flame

Ji-hyun Kwark, Chung-hwan Jeon and Young-june Chang

Key Words: Lift-Off Height(% % °)), Blow-Off(£-%] 71 &), Blow-Off Limit(7} &-A)),
Turbulent Diffusion Flame('d&21+319)

Abstract

An experiment was performed to investigate lift-off, blow-off and combustion characteristics of a
lifted coaxial diffusion flame according to fuel jet and air velocity. A jet diffusion flame which is
attached on the nozzle rim begins to be lifted with increase of air velocity, and finally becomes
blow-off at higher air velocity. In experiment, blow-off limit increased with increase of fuel jet
velocity, however lift-off occurred at lower air velocity. Flame structure and combustion characteristics
were examined by schlieren photos, temperature distributions and emisions concentration distributions.
Flame temperature became higher at midstream and its RMS became larger at up and downstream with
increase of air velocity. Local NO concentration decreased but CO; concentration increased with
increase of air velocity, which shows combustion reaction becomes close to be stoichiometric at higher

air velocity in spite of lifi-off.
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Fig. 1 Schematic of experimental apparatus
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Table 1 Experimental condition
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Item Liftoff height Schlieren Tem?er.anne
Flame length | Photos | Emissions
Fuel jet velocity(m/s) 1~5 3, 4 2,3
Air velocity(m/s) 0.8~6.2 1~5 1~4
Re (air) 923~7154
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Fig. 9 Schlieren photos of flames according to fuel and air velocities

500 mm
400
300
200
® V=4, V=1 (g) V4, V=2
Z2Hed H Reow Hrp

T ¥HE 7HAx

A2 2AdY 5ol A o dF A=
7t 53] 73t o] 499 &% WEo] 53] 4
g Aoz oAt

34 3o 2z &
Zd g9 £33t ¥EE Reynolds Z2HE
ol &3te} W FEIA VE A
do PF 2E9 RMSE
Fig. 10& 98 #&%
A W 2% EXE F7 #5542 JvEgd
1

IN'

2
Jtsle BXE 24 u}. e e E I g
]_E

e o du
o
ol
o rlo
lo bt
Hr
H

#3593 Rgsde 54 vd

g UEd 29t @9 ¥
AN Hdel ARz 2S
Folk 2 e, O $4b 8
sd 29el WA FAHAEA Hde v

_C.

W du Hz o

1600 .

—@— Va-lms

—O— Va-22m
1200

Flame temperature, T(K)
g

&

[} 100 200 300 400 500
Axial distance, X(mm)

Fig. 10 Flame temperature in'the axial direction
(R=0, V=3 m/s)

Axial disance, X(mm)

(a) V=2, V=23 (b) V=2, V,=3.1

Fig. 11 2D distribution of flame temperature (K)



1094 Y- A2 -

50

i + Vaetims
40 - —O— Vam22ma
g @ Vem3ms
é’ F —O— Vas4mws
g 30l
E
& L
]
E 20
e
)
2] L
=
= 100
[ 1 L | L { L }
[} 100 200 300 400 500
Axial distance, X(mm)
Fig. 12 RMS of flame temperatre
(R=0, V=3 m/s)
450 450
400 400
350 350
g 300 300
5_ 0
g 250 250 b
§
= 200 200 . 22
£ i
150 150 s
11
100 100 ;
s
50 50 H
-200 20 -200 20
Radial Radial
(a) Ve=2, V=23 (b) V=2, V=31

Fig. 13 2D distribution of RMS (K)

Hol Axw, w7 WY L= Fujst He 2
ZE Ui 2% 89 FFY A2 $gol

28 gYsn e eE P¥E non g
AW 59 YU AFolAY FYPozs &

E 7ol ZA Jdehde 54& A
Fig. 128 48 /% 3 misd o &9 349
ZF4 &xeo RMS X E el V=l misd)

K3

¥ F&sge RMSE 2319 A FAAN wx
¢ EEXE B wde Yex 24 e
Z Br1fr&el we 59 2Ho) FAHE AA
AN B3 & g Uehlo] o Ayel Ax W
€] EGATE & + stk 2y 499 F
Fold o e PEE uUshle ZTaHes
=< 25 Bx9 ¥4 4AE a7t o]FoA
Qv AT BE SRAAE B OF 7
E2 A8 tAl 2 &S 7R F7] fde] w
€% 1 %2 t% A Fig BAAxE o

29E

200 —

NO concentration (ppm)

[} 100 200 300 400 500
Axial distance, X(mm)

Fig. 14 Distribution of local NO concentrations
(R=0, V¢=3 m/s)

&

& 8L

&

2

=

& —— Va=lma

§ o Vam22ms

§ —@— Ve-3ms

8 sl —O— Vaséma

o
olon R R B
[ 100 200 300 400 500

Axial distance, X(mm)

Fig. 15 Distribuion of local CO; concentrations
(R=0, V=3 m/s)

& Bl Fol FAWh oA B
¥4 e B9 AR Sw BERa,
FolMel Ax wgol F&3 o TolNE 54

7Ha .

to o T mi

35 HiZtA Sk BE

F9 44 WlE2E F 3§49 4 Z4& NO € CO;
o] ¥ ¥¥E #Z7 Fig. 149 Fig. 15¢) vehd
. F7] f&o] oS wE 745l NO 5%
b A wA vEtdth 58 Vel misg @ 3
g7 o] AFEE V22 misgd B3Ee B
T Hugko] 38 o] xolE Ho Eirside]
EAS E3o] HoFgm Yr}. o] AFojA B
A NOS BEE 399 %7 1500K W ghol



55 §4 24349 Blow-off$h 94 54 1095

2 2xd 93 xuj v 43 NOE old A
o2 HAth F7] &0 @HAFE Ejv9
AFAZLe] #Zolx|A =H3 o]o] wWE prompt NO
o] #AA7F AWM Aez AAHY, TV F F
7hol & QA4 WgEY FUE F K e A
22 A5dt. 28y 39 dFAAY B A
ol IA ¥E HAoZ Hol £F utgoAg
NO AAHL ZA U=2x ¢& Hoz Azd
o EZ F7] 7% FIt mE COo9 =5t
FolA e RLER Hol F7F F7td o3 44
Ao v 77ty A& ¢+ Ao

4. 4 B

(D) =2 Yol #32= A

3 g9 2 &
&9 7ol we RgaA I, fEel @S
Z718d A% blow-off Utk 53 AR Ho)
FHEFE A BAE FARAD, § Be B

7] fré&olA HAgel Az doh

(2) 3o Zole dg f&o) wadAdsE 2
AR A7, F7] fFr&o] wepde wEt A4 g
o] x50} FET,

(3) B4 39 F79 25 I #&59 Z5)
9} 7 Eolx RMSE FolxAr} 8¢9 ¥
T FFAM E4AT EXE Jehdo

4) 871 F&9 F7td we 24 39 W =
2 NO F&x Zasli, C09 ¥:5:c 7%
o o)AL el B HojAdx E7dm B
t} o] &3 d& Wrgd) F7YRAE o n gt

Ir

X e |
HiIE

o

(1) Tums, S. R., 2000, "An Introduction to
Combustion
McGRAW-HILL.
(2) Broadwell, J. E., Dahm, W. J. A., and Mungal,
M. G., 1984, Twentieth Symposium (International)
on Combustion, The Combustion Institute, p. 303
(3) Dahm, W. J. A. and Dibble, R. W., 1988,
Twenty-Second  Symposium

Concepts and  Applications,”

(International)  on

Combustion, The Combustion Institute, p. 801

(4) Takahashi, F., Mizomoto, M., lkai, S., and
Futaki, N., 1984, Twentieth
(International) on Combustion, The Combustion
Institute, p. 295

(5) Eickhoff, H., Lnze, B., and Leuckel, W., 1984,
Twentieth

Symposium

Symposium (International) on
Combustion, The Combustion Institute, p. 311

(6) Vanquickenborne, L. and Tiggelen, V. A., 1966,
Combstion and Flame, Vol. 10, p. 59

(7) Hall, L., Horch, K., and Gunther, R., 1980,
Brennst-Warme-Kraft Vol. 32, p. 26

(8) Kalghatgi, G. T., 1984, Combustion Science and
Technology, Vol. 41, p. 17

(9) Peters, N. and Williams, F. A., 1983, AI44
Journal, Vol. 21, p. 423

(10) Byggstoyl, S. and Magnussen, B. F., 1985,
Turbulent Shear Flows, Vol. 4, P. 381

(11) Miake-Lye, R. and Hammer, J. A., 1988,
Twenty-Second ~ Symposium  (International)  on
Combustion, The Combustion Institute, p. 817

(12) Schefer, R. W., Namazian, M., and Kelly, J.,
1988, Twenty-Second Symposium (International) on
Combustion, The Combustion Institute, p. 833

(13) Birch, A. D. and Hargrave, G. K., 1988,
Twenty-Second  Symposium  (International)  on
Combustion, The Combustion Institute, p. 825

(14) Yuasa, S., 1986, Combustion and Flame, Vol.
66, pp. 181~192

(15) Pitts, W. M., 1988, Twenty-Second Symposium
(International) on Combustion, The Combustion
Institute, p. 809

(16) Reynolds, O., 1883, "An Experimental
Investigation of the  Circumstances Which
Determine Whether the Motion of Water Shall be
Direct or Sinuous, and of the Law of Resistance
in Parallel Channels," Transactions of Royal
Society of London, Vol. 174, pp. 935~982

(17) Mahmud, C. Y. Fairweather, M. and
Hampartsoumian, E., 2002, Combustion and Flame,
Vol. 128, pp. 60~73

(18) Lee, 1. and Chung, S. H., 2001, Combustion
and Flame, Vol. 127, pp. 2194~2204

(19) Chen, Y. C. and Bilger, R. W., 2000,



1096 22y -

Combustion and Flame, Vol. 123, pp. 23~45

(20) Burgess, C. P. and Lawn, C. J, 1999,
Combustion and Flame, Vol. 119, pp. 95~108
(21) Schefer, R. W. and Goix, P. J, 1998,
Combustion and Flame, Vol. 112, pp. 559~574
(22) Seo, J. I, Kim, N. L. and Shin, H. D., 2001,
"Concentration  Gradient  Effects on  Lifted
Characteristics of Triple Flame on a Slot Burner,"
24th KOSCO symposium, pp. 99~105

A58 - 392

(23) Lee, J. S.,, Won, S. H, Jin, S. H. and Chung,
S. H, 2001, "Lifted Flames in Laminar Coflow
Jets of Propane," 24th KOSCO symposium, pp. 6
1~67.

(24) Lee, S. and Lee, B. J., 2001, "Characteristics
of Interacting Lifted Flames," Transaction of
Korea Society of Mechanical Engineers, Vol. 25,
No. 4, pp. 461~466



